Comparison of three tetramic acids and their ability to alter membrane function in cultured skeletal muscle cells and sarcoplasmic reticulum vesicles.
Cyclopiazonic acid is a potent inhibitor of calcium uptake and Ca(2+)-ATPase activity in sarcoplasmic and endoplasmic reticulum. In L6 muscle myoblasts, cyclopiazonic acid stimulates the uptake of tetraphenylphosphonium, a lipophilic membrane potential probe, and has antioxidant properties. The purpose of the present study was to investigate the structural requirements necessary for causing the surface charge alterations, and the antioxidant activity in L6 skeletal muscle myoblasts, and for inhibition of calcium transport by rat skeletal muscle sarcoplasmic reticulum vesicles. This was accomplished by comparing the effects of two structurally related tetramic acids, cyclopiazonic acid imine and tenuazonic acid, with cyclopiazonic acid. Cyclopiazonic acid imine inhibited oxalate-assisted 45Ca2+ uptake and ATPase activity in sarcoplasmic reticulum vesicles and stimulated tetraphenylphosphonium accumulation by L6 muscle myoblasts. However, these effects required an approximately fourfold higher concentration than that of cyclopiazonic acid. Tenuazonic acid, up to 1 mM, had no effect on oxalate-assisted 45Ca2+ uptake or Ca(2+)-ATPase activity in sarcoplasmic reticulum vesicles and did not stimulate tetraphenylphosphonium accumulation by L6 muscle myoblasts. Cyclopiazonic acid was only slightly more effective than cyclopiazonic acid imine at preventing the patulin-induced increase in thiobarbituric acid positive substance (used to estimate lipid peroxidation); tenuazonic acid was totally ineffective. Previously, it was shown that cyclopiazonic acid was twice as effective as cyclopiazonic acid imine at preventing increases in thiobarbituric acid positive substance in cultured renal cells, LLC-PK1. Thus, the indole nucleus of cyclopiazonic acid is essential for the membrane-associated biological activity; however, modification of the acetyl group reduces the potency of the activity.